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ABSTRACT
We examine the exclusive signature pp ! WH ! ` b

b at the LHC.
Although the backgrounds, principally arising from top production and Wjj,
are quite severe, it is shown that judicious application of phase-space cuts
and the use of b-tagging can in fact greatly enhance the detectability of this
channel.
1. Introduction
Discovery of the intermediate mass Higgs boson is covered by




! ZH), and from above by the
LHC (through pp ! H ! ZZ







 120GeV) is to use the the rare decay mode H !  along with very high
di-photon mass resolution to beat down both the very large irreducible background as
well as the even larger reducible background pp! +jet. The signal/background ratios
are quite low, so a thorough understanding of the systematic error in mass-resolution
and jet/ rejection is crucial.
As an alternative/complement to this search mode, we consider
the primary decay mode of the Higgs boson, H ! b

b produced in the process
pp ! WH ! `b

b. Even with tagging of the lepton, however, the QCD background

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pp ! Wjj completely overwhelms the signal. With an ecient means of tagging b-
quark jets and eectively rejecting light quark and gluon jets, this background could
be cut down to the level of the much smaller subprocess pp! Wb

b; after Higgs boson
mass reconstruction, the latter is comparable to the signal.
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A potentially more serious threat comes from the expected copious production of









a large source of both b-quarks and leptonically decaying W bosons. For this reason,
we consider the exclusive production of pp ! WH | by rejecting \extra" jets and





The backgrounds considered include:




















tq ! `bj (7)
An overview of the cuts made and their eect on the backgrounds are as follows
(with ATLAS-inspired parameters):
Our primary weapon, of course, is b-tagging (through displaced vertices) and light
quark/gluon rejection, which we depend on to beat down backgrounds (1) and (7).
Reconstruction of the Higgs boson will reduce these and the rest of the backgrounds.
This is especially true of background (3), whose signicance at the upper end of the
m
H
range considered here will strongly depend on the detector resolution.
To reduce the top backgrounds (4{7), we essentially veto events with any \extra"







b is partially vetoed by a transverse mass cut, to require consistency with the
decay of a W boson. A second e or jet is vetoed in the same way in the forward region.





For detector acceptance and resolution, we have modelled the ATLAS detector
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for each process was constructed assuming a hermetic

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Except that the constant term in lepton resolution was taken to be twice as large.
calorimeter, and adding the p
T
of all jets and leptons (except for muons beyond the





















The detailed cuts are:
p
T
(l) > 20GeV; j(l)j < 2:5 e;  tagging ; (10)
p
T
(b) > 30GeV; j(b)j < 2:0 b-tagging ; (11)
p
T
() > 10GeV; j()j < 3:0 extra  veto ; (12)
p
T
(e) > 10GeV; j(e)j < 4:5 extra e veto ; (13)
p
T












) < 80GeV W -boson consistency cut (16)
The b-tagging eciency is assumed to be 30%; the mistagging rate for light
quarks/gluons is taken to be 1%.
Total event rates with all the above cuts (for 10 fb
 1
of integrated luminosity)




. The last row gives the number of
years at
R
L dt = 10 fb
 1
per year for 5 detection. Because of the light quark/gluon
jet rejection, the principal background is process (2), while the combined top quark
backgrounds account for roughly half. The signal falls from 67.2 (m
H
= 100 GeV) to 40
events (m
H





GeV, approximately the central value of CDF's search for the top quark,
5
detection at
the 5 level would require around 2-4 years for the range of m
H
considered here.
As noted above, without a factor of 10
 4
suppression of background (1), this pro-
cess would have swamped the signal. Doubling the mistagging rate would quadrapule
and double processes (1) and (5) respectively. Similarly, if jet reconstruction has an
appreciably lower eciency around 10 GeV for the forward compared to the central
region, backgrounds (4{5) will grow in relative importance.
4. Improving the S/B ratio
We note that it is possible, by employing certain cuts, to increase the S/B ratio
at the cost of a small decrease in signicance. This may be a price worth paying, since
signicance is calculated here using only statistical uncertainty, and in the end, results
may well be dominated by systematic errors in measuring the m(b

b) distribution.
Top reconstruction (and vetoing) is an obvious strategy to try, given that pro-
cesses (4{7) make up around 1/3 to 1/2 of the total background. Another strategy is
to consider topological cuts. In gures 1 and 2 are shown two distributions that can be
helpful in increasing the S/B ratio by specically reducing the top backgrounds.





(b)j and small R(b;

b). For example, for m
t
= 150 GeV, m
H
= 100 GeV,
a cut of R(b;

b) < 1:6 yields about 17 signal events (for 10 fb
 1
), a total of 30 events
from the rst set of backgrounds, and 5 from the top-quark production background;
the S/B ratio is increased from 1/5 to 1/2, while the signicance falls from 3.4 to 2.9.
A more complete appraisal of this and other issues raised above is given elsewhere.
6
5. Acknowlegements
We would like to thank A. Stange and S. Willenbrock for discussion of their work.




= 150 GeV m
t















Processes 100 GeV 120 GeV 100 GeV 120 GeV 100 GeV 120 GeV
WH 67.2 40.0 67.2 40.0 67.2 40.0
Wjj 44.4 41.1 44.4 41.1 44.4 41.1
Wbb 113.6 82.2 113.6 82.2 113.6 82.2
WZ 45.8 1.6 45.8 1.6 45.8 1.6
tt 73.6 72.3 31.9 33.2 12.9 14.8
tbq 44.6 43.6 39.6 36.6 34.6 35.4
tb 44.8 43.4 23.6 25.8 12.6 15.0
tq 22.7 24.7 16.0 19 10.3 13.3
S/B 67=389 40=309 67=315 40=240 67=274 40/203




) 2.2 4.7 1.7 3.7 1.6 3.2
for 5 signif.
Table 1. Event rates (for 10 fb
 1
) at the LHC,
p
s = 14 TeV with the kinematic cuts
specied in the text. The b-tagging eciency/mistagging rates are taken to be 30% and
1% respectively.














1. P. Agrawal and S.D. Ellis, Phys. Lett. B229 (1989) 2015.
2. S. Abachi, et al., D0 Collaboration, Phys.Rev.Lett.72, (1994) 2138.
3. A. Stange, W. Marciano, and S. Willenbrock, ILL-TH-94-8, and S. Willenbrock (in
these proceedings).
4. ATLAS Letter of Intent, CERN/LHCC/92-4 (1992).
5. F. Abe et al., CDF Collaboration, FERMILAB Pub-94/097-E
6. P. Agrawal, D. Bowser-Chao, and K. Cheung. MSUHEP-40901 and hep-ph/40901.
